
APPENDIX E 

CLEARANCE OF POLES, TOWERS AND STRUCTURES 
FROM RAILROAD TRACKS 

Where poles, towers or other Line structures are set in proximity 
to railroad tracks, the minimum side clearance from the face of a pole, 
tower or structure to the center Line of the tangent railroad track 
shaL1 be 8 feet 6 inches. 

Clearance requirements above railroads are shown in General Order 
No. 6, in Rules 37, Table 1, 54.4-B, 56.4-B, 57.4-B, 58.2-B2, 74.4-B,. 
77.4-A, 84.4-B, 86.4-B, 87.4-B and 113.5. 
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Typical Problems 

APPENDIX .F 

TYPICAL PROBLEMS . 

The application of line construction requirements specified 
in this Order is exemplified in the following: 
Part Z. Crossing Problem- A Class H and a Class C circuit 

crossing over a major railroad, major Class C circuits 
and a -highway. 

Pa+ 2. Dead End Problem-Class H and Class IJ circuits at a 
dead end. 

Park 3. Augle Pole Problemauying a pole supporting Class H 
and CIass L circuits at-anglesin~lines. 

The problems are computed on the assumptions of light load- 
ing condition& with Grade “A” construction used for the power 
circuits and Grade ‘ ‘ F ” construction used for the communication 
circuits except in the crossing spans where Grade ‘ ‘B ” ia 
required. The construction details speci6ed in these Typical 
Problems are made to conform to current good practice. 

PART 1 

CROSSING PROBLEM 

A diagram including dimensions is shown attached between 
pages 328 and 330. The data chosen for the crossing follow: 

DATA OF CROSStNQ 
Circuits 

Two 3-phase 60,000 volt power circuits. One metallic pri- 
vate Class “C” telephone circuit. 
Configur8tion 

Power conductors of each circuit are in vertical planes on 
opposite e’nds of the crossarm. 
horizontal plane. 

Private telephone circuit is in a 

Conduttorr 

Power circuits are 6 No. 00 AWQ, b&e, stranded, hard- 
drawn copper. Private telephone circuit is 2 No. 8 AWG, bare,’ 
solid, hard-drawn copper, except in the crossing span where it 
is 2 No. 6 AWO, bare, sc;lid, hard-drawn copper. 
Irwulatom 

Porcelain, pin type, meeting t.he requirements of Rule 49.5-A. 

Annealed copper wire to comply with Rules 49.3-B and 49.3-C. 
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I. 

Power circuits-wrought iron pipe, (extra strong), l~x18~“, 
to comply with Rules 49.3-B and 49.3-C. Assumed bonded in 
accordance with the requirements of Rule 53.4. 

Communicat.ion- circuit-lrx9” locust, 
Crouarm8 

Power circuits--l)ouglas fk (dense), 43” x 5v x I2’, 1.9” pin 
holes, l$$e” hole for through bolt. 

Communication circuit-Douglaa fir (dense), 3rx4t”xQ2”, 
l+” pin holes, lyle” hole for through bolt. 
Ciourrm Emma8 

Meeting- the requirements .of Rule :49.2-C. 
Poh 

Western red cedar, round, butt treated. 
Span Lmgth 

Crossing span, 200 feet. 
Adjacent spans, 150 feet. 

CONSTRUCTION REQUIREMENTS 

I. Uondnctor Sags and Tensions 
The conductors are assumed to be strung so that at normal 

conditions of 60° F. and no wind the tension will be 35% of the 
ultimate tension of the conductors. From Chart NO. 1, Page 299, 
it will be seen that under these conditions the No. 00 AWQ con- 
ductor, for a 200-foot span, will have a sag of 1.0 feet, (0.99 when 
calculated) and the No. 6 AWQ conductor will have a sag of 0.90 
feet (0.89 when calculated). These sags may be calculated by 
means of the following approximation formula : 

Sag =g 

Where w = conductor loading, pounds per l&real foot 
d = span length, feet 
T-assum ed allowable conductbr tensions at 60” F. 

and no wind 

For No. 00 AWG conductor 

Sag - l *logx (mo)*= 0 - 
8x2074 * 

99 feet 

For No. 6 AW(;F conductor 

SW -,O795X(~)‘=‘O - 
8X448 - 

89 feet 
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Maxilnum conductor load to be met with a safety factor of not 
less than 2 as specified in Rule 44.1 will occur at the conditions 
of 25” F. and an g-pound wind (Rule 43.2). Conductors which 
have been strung at the normal conditions stated above (60’ F, 
no wind, and 3570 ultimatti tension) will have sags and tensions 
at the maximum loadin, w conditions of 25” F and an g-pound 
wind as -indicated below. Maximum conductor sags will occur 
at the condition of maximum temperature, 130” F and also are 
shown in the following tabulatipn: 

No. 00 AWG No. 4 A-NC 

25 
Tendon 
(pouodr) 

--- 

App. 13 Table No. 18) ___________ 
35% Ultimate at GOOF, no wind--- _ _ 
25”F, 8 lb. wind- _ _ _______________ 
130”F, no wind _____ _____ ____ _____ 1.78 
. 

______ 
0.89 

1::: 

1.18 570 
1.55 256 

From the foregoing it will be seen that by stringing the con- 
ductors to 35% of ultimate tension at 60” F and no wind, the 
safety factor of the conductors at maximum loading (25’ F, g-lb. 
wind) is somewhat greater than the minimum of 2 required by 
Rule 44.1. 

Lesser sags than those shown abovk may be used, provided 
conductor tension, at maximum loading condition specified in 
Rule 43, dots not exceed 50% of the ultimate tension of the con- 
ductor. The rules, of course, do not prevent the use of greater 
sags t.han are calculated above. 

2. Conductor Clearance from Center Line of Pole 
Minimum clearanc.es specified in Table I, Case 8 and Rule 

54.4-02 and the clearances assumed for the purposes of this 
problem are as follows: 

Afinimum Used 

60,000 volt circuits ____________ 21.5” 
C!ommunicat.ion circuit _______- 15” 

5’ 6” 
18” 

3. Conductor Separation 
Table 2, Case 12, Column H modified by Rule 54.4-Clc, per- 

mits a vertical separation of not less than 36 inches between the 
conductors of a 60,000-volt circuit in vertical configuration. 
For this prob!em a separation.of 5’ 6” is used. 

The minimuv separation between the level of the lowest sup- 
ply conductor and the communication, circuit is ‘72 inches (Table 
2, Case 8, Column H). For the problem a separation of 96” 
betveen crossarm centers is used. 
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4. CIearances of Conductors Above Crossarms . 
The minimum clearance of a 60,000-volt conductor from the 

surface of a crossarm is required (by Table 1, Case 9, Column 
F,) to be at least 4 of the pin spacin g ‘specified in Table 2, 
Case 15, Column TX, which would ‘be a minimum clearance of 
9 inches. For this problem an 184 inch pin is used which, with 
its insu’lator, places the conductor 14 inches above the crossarm. 

5. Conductor Clearances Above Eighway, Pole Lines and Rail- 
road Tracks 

The poles supporting the crossing span are 55’ feet in length, 
_ set. 7 feet (Rule 49.1-C) in. the ground. From dimensions of 

the pole framin g diagram the distance of’the private telephone 
circuit above ground is 28’ 4”. For this problem a common 
elevation has been assumed for the ground line, the railroad 
tracks and the highway. 

The sag of the communication conductors in the. crossing 
span is approximately II inches at 60°F and 19 inches at 130°F. 
Since the allowable variation of 5% for temperature, applied 
to the ground clearance of 27’5” (28’4”-11”). or 1’4”, is 
greater than the difFerence between the sags at 60°F (11”) and 
at 130°F (19”), the clearances may be determined at 60°F for 
all conditions. In the diagram, between Pages 328 and WI. the. 
distances from supporting pole C to the various objects crossed 
over by the conductors are as follows: 

Telephone pole line ___________________-- 37’ 6“ 
Highway (center) __________ - ____ --;- _-_ 60 0” 
Telegraph pole.line on RR r/w ______---- 97’ 6” 
Railroad Tracks (center) __ __ _ _ _-_--_- - - 1:?8’ 9” 
Railroad Signal pole line ______________- - 180’ 0” 

The total length of crossing span is 200 feet. Therefore the 
clearance at 60°F of the private communication circuit above 
the telephone lead at point of crossing is.obtained as follows : 

Clearance point distance from Pole C is 37’ 6”. 
At 37’ 6”, or 18.8% of span, the sag is equivalent to 61% 

of the center sag (see Chart Xa. 9 Page 219), or. 
0.61 X 11~ 7 inches sag. 

Therefore, the clearance equals : 
28’ 4” - (7” + 24’) = 3’ 9” clearance. 

The minimum required’ clearance as given in Table 2, 
Case 3, Column C is 2 feet. 

19 
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In a like manner .the clearances, at 60°F, of the private com- 
munication circuit conductors at the other points of crossing are 
IIS fOilO-6'8: 

Afbimum 
Poinf8 of C~xming Ctearnnccr by rut8 

Highway (ccuter) ________ - 27’ 7” 18’ 0” 
Telegraph pole line ____ - ____. 3’ 5” t;);‘(Y’ 
Railroad Track8 (center) ____ 27’ 7” 25’ 0” 
Railrodd Signal pole line_,,- 6’0” ZW’ 

6. Insulators 
. 

In addition to the electrical requirements set forth in R&s 
‘r 104 and..114 the insulators supporting. the supply and com- 
i&icat.ion conciuctors shall have safety factors (mechanical) 
of .3 an< 2, respectively. 

7; Pins, Ties and Conductor Fastenings 
Tics used in connection with pin-type ixisulators shall conform 

to Rnle.49.3. In this problem a No. 4 and No. 8 annealed cop- 
per wire are used for the No. 00 and No. 8 circuits involved. 

Pins used in connection with pin-type insulators shall have 
sufficient strength to withstand the tension in. the conductpr. 
In thg case under discussion wrought iron pipe-pins of -the 
dimensions and construction indicated below are to be employed 
for the power conductors. 

UAXIhtUU 
co~cucloR TU4SION 

2605 POUNDS 

al. CIPC ?I* 

Benclihgcnonoent (at crosqarm) M = 2605 X 14 = 36,470 pound- 
-. 

36 470 . Fiber stress s = -$z -o-~i~- = 88,500 pounds per sq. in. 
. 
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Assuming that the ultimate fiber stress of .wrought iron is 48,000 
pound8 per square inch, a single pin is not sufficient, as it pro- 

vides a safety factor of 0.542,. 
48 000 
h= 0.542 , for an assumed 

> > 
tension of .2605 pounds in the conductor at maximum loading. 
Since a safety factor of unity (Rule 47.5) is required, two pins 
are necessary and therefore double crossarms, pins and insulators 
are used on the.poleq supporting the cro&ng span. ~ 

Locust pins are to be used in this cast for the private tele- 
phone conductors. Although a l+-inch locust pin would be 
suffitiient to withstand the conductor tension of 570 pounds with 
a safety factor of at .least unity, as required by Rule 47.4, care? 
would be necessary to provide sufficient strength in the conductor- 
fastenings. In this problem the private telephone conductors 
are considered to be dead-ended et the ends of the cr?~*;trlp SJI~IC. 

8; Crossarms---% i’::onr.al LWGP 
Power Circuita 

The point of maximum bending monlclit will be tit the cross 

arm through bolt attaching the arm to the pole, at which point 
the cross section of the arm is reduced by the amount of the 
bolt hole. Crossarms supporting the 60 kv wires are to be of 
Douglas fir, dense, dimensions 43” x 54” x 12’, bored as illus- 
trated below. 

The section through the arm and the method of computing 
the fiber stress is shown below, 
Long-time loading: Since longitudinal conductor loads arc nor- 

mally balanced, long-time horizontal loading of the power 
circuit crossarms need not be considered. 

8ingle arm, ilfaximwrz loading, 25’ F and an 8 lb. wind 
Bending moment = 2605 X 66 = 171,930 pound-inches 

Sizction mod&s = F where 

b = 5.75” - 0.W = ZOG” 
d = 4.75” 
8 = 46” = 0.69” 

Section modulus = 5.06 X (4.75)’ = 19 0 inches” 
6 

. 

Fiber stress = Bending moment divided by 

section modulus = 171,930 = 9050 lbs: per sq. in. 
19.0 . 
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As the allowable value for modulus of rupture in bending 
under masimum loading conditions is 6300 lbs. per sq. in. (see 
Table 5, Page 63 ), a single crossarm of the size chosen provides 
a safety factor of only 0.70 for the a.ssumed load at maximum. 
loading conditions, wherca.. the provisions of Rule 47.5 require 
a safety fnctnr of unity. Double arms will, therefore, be used 
in this problem to meet the strength requirements applicable to 
crossarms at end supports of crossings. Double crdssarm con- 
struction of lltis type with separation maintained by space bolts 
is assumed to have a horizontal strength equivalent to 130% 
of the sum of the st.rengths of two single crossarms 
pendently. 

,. ,._ acting inde- 

Mazimrnt Eoading, 25’ F and 8 lb. wind 
Bending moment = 2605 X 66 = 171,930 pound-inches 
Single arm section modulus (same as previously calculated) 

- 19.0 inchesS - 
Double arm section modulus = 19.0 X 2 )( 1.3 = 49.4 inchess 

Fiber stress = 171,930 4g 4 = 3480 lbs. per sq. in. 

As the allowable modulus of rupture for short-time loading 
is 6800 lbs. per sq. in. then the double crossarms under 
these conditions will provide a safety factor of 1.81, which 
meets the unity safety factor required by Rule 47.5. 

Private Communication Circuit 

At the crossing span, double crossarms are used on account 
of dead-end construction due to change of conductor size. Cur- 
rent practice provides for this method of construction although 
a single arm has sufficient strength as is found from the follow- 
ing calculations of modulus of rupture under the two limiting 
conditions of Joading : 

Imptime loading, GO0 F. and no wind. 
Bending moment = 448 X 18 = 8064 pound-inches 

bd’ 3.56 X ( 3*25) ’ Section modulus = 
6 

= 
6. 

= 6 . 26 jn&aS 

8064 

where d = 3.25” 

b” z g;:: - 0.69 = 3.56” 

Fiber stress =x = 1290 pounds per sq. in. 
. 

The allowabl’c value for modulus of rupture in bending is 
0.55 X 6300 = 3465 pounds per sq. in. and therefore with a 
single arm the factor of safety under conditions of long-time 
loading is 2.69. 
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Nazimum loading 
Bending moment = 570 X 18 = 10,260 pound-inches 
Section modulus = 6.26 inchesS (as per calculations above) 

Fiber stress = 
10,260 6 26 = 1640 pounds per sq. in. 

. 

The allowable value for modulus of rupture in bending, under 
maximum loading conditions, is 6,300 pounds per sq. in., 
therefore a single arm provides a safety factor of 3.84 
under these maximum loading conditions. s 

9. Cross- Vertical Loads 
The vertical. lOad .on .crossarms, where. supports are approxi- 

mately at the same elevation, is due to the vertical load of con- 
ductors in each adjacent span plus 200 pounds at the outer pin 
position. In the problem under consideration tlie. conductor 
supports on the crossing poles (C and D) are at the same eleva- 
tion, and the supports at the adjacent poles (B.-and E) are 
4.5 feet lower in elevation, which difference in elevation is greater 
than the normal sag. Then the conductor loading on a crossing 
span support would be one-half the weight of the. conductor 
of the crossing span plus one-half the conductor weight of a 
hypothetical span, the curve of which passes through the pojnts 
of .support; 

Half the length of the hypothetical span may be calculated 
as follows: 

x++g 

Where X = 3 the hypothetical span in feet. 
D = horizontal distance between supports in feet. 
h = difference in elevation of supports in feet. 
T = conductor tension in pounds. 
W = weight of conductor in pounds per foot. 

The total crossing support-load is calculated as foilows: 

0.411 x q +0.411 
( 

F + 1”;: c ril, + 200 = 334 pounds . 1 
The bending moment is 

334-x 66 = 22,040 pound-inches 
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The method of calculating the unit fiber stress of the double 
crossarms acting as a simple beam is as follows: 

Section modulus = b W - da, 1 ,.where 
cx d 

. 
b=P+P = 9.W’ 
d =-“s+ S + R = 5.75” 
d 1- = 0.69” 

Section 
mocMh3 

(5.75)’ - (0.69)* 

Fiber . = Bending moment 22,040 - 
dxes8 Sectionmodulus = 52.3 

= 420 pounds per &I. in. 

Long-fitit loading 
Bs the allowable modulus of rupture in bending is 0.55 X 

6300 lbs. per sq. in. or 3465 lbs. per sq. in. (see Table 5), the 
double crossarms of the size chosen provide a safety factor of 8.2. 

The fiber stress in the double crossarms of the private tele- 
phone circuit, similarly calculated, is found to be 196 lbs. per 
sq. in. These arms obviously meet the strength requirements for 
vertical loads on crossarms. 

Shear, compression, and torsion stresses are not considered in 
this problem aa they are negligible and likewise the effect of 
reduction of cross section due to bolt holes is not considered 
except for the through bolt holes. 

10. PoGa 
The crossing poles are western red cedar and their dimensions 

are a8 fOllOW8: 

Length ------------------i-------------- 55 feet 
Height above ground ______________--__--- 48 feet 
Circumference at top _____________-_____ -- 28 inches 
Diameter at top -------------------------~ 8.9 inches 
Circumference at ground line -_-_-_------- - 49 inches 
Diameter at ground line ___- - ------- ------ 15.6 inches 

. Distance from ground line to conductors supported is given 
a8 fOlIOW8 : * . 

Top supply conductors _____~~~_~~~~_--~_ ------ 48’ 9” 
Middle supply conductors,,-- ----- ------------ 43’ 3” 
Lower supply conductors ___--_---------- ------ 37’ 9” 
Private telephone conductors -_____--_-__------ 28’ 4” 

&ound level at base of pole is considered to be at the same 
elevation a8 top of rail. 
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Dimensions of adjacent poles B and E are : 
Length -___________________------------- 50 feet 
Height. above ground _________ -___ -_--- ;-- 43.5 feet 
Circumference of top _____________-------_ 28 inches 
Diameter of top ___________ ________------- 8.9 inches 
Circumference at ground line _____ - ___-____ 47 inches 
Diameter at ground line ________________-- 15.0 inches 

11. Transverse Load on Crossing Poles C and D 
The moment at the eund due to an 8’pound wind pressure 

on. the conductors, is : 

Mc=.Lja p I,( 2, ).pound-feet _Sl+ Sz 

Where - 
L = Height of conductors above ground in feet 
n = Number of wires 
St and S x=Length of c rossing and adjacent spans, respeo 

pb 

w? 

Me, 

- : J&S 

M*S 

tively 
= Horizontal load per lineal foot due to an 8 

pound wind p&sure on projected area of 
wire 

= 0.276 pounds per lineal foot for 00 AWG bare, 
stranded copper 

= 0.108 pounds per lineal foot for 6 AWG bare, 
solid copper 

= 0.085 pounds per lineal foot for 8 AWG bare, 
solid copper 

= Moment due to pressure on top supply conduc- 
tors 

= Moment due to pressure on middle supply con- 
ductors 

= Moment due to &sure on. lower supply con- 
ductors 

=.Moment due to pressure on telephone conduc- 
tors 

= 48.75 X 2 X .276 X (‘5’ ; “‘)= 4710 lb.-ft. 

- ‘A 43.25 j( 2 X ‘*VT, 976 X 4180 lb.-ft. 
. . 

(15’ ;-yoo>_ 

= 37.75 x 2 x ,276 X 
. . 

( 150; 2”)~ 3650 lb.-ft. 
- - 

=28;33 X 2 X iO8 X . 
.c. . 

(. ‘; -.)r 610 lb.-ft. 

= 28.33 >( 2 x .085 X (+).E 360 ,lb.-ft. 

Total moment due to wind pres- 
sure on conductors 13,510 lb.-ft. 
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The moment at the ground due to an 8 pound wind pressure 
on the pole is 

M ,=PH2 (D’ Tf”‘) pound-feet 

Where 

Fp 
= Moment due to wind pressure on pole 
= Pressure in lbs.. per sq. ft. on projected area 

of pole (8 lbs./sq. ft.) 
11 = Height of pole above ground in feet (48’) 
Dl = Diameter of pole at ground in inches (15.6”) 
D2 - = Diameter of pole at top in inches (8.9”) 

M, = 8 (48)’ x 05.6-F-2 x (8-g) ) = 8550 
72 

lb.& . 

Total moment = 13,510 + 8,550 = 22,060 lb.-ft. 

Moment of resistance of pole = M = $ 

Where 
F 

I 

= Fiber stress in pounds per sq. in. 

= Moment of inertia of section = * Dy’ 64 X 12 

C = Distance from neutral axis to outer fiber = 9 

nf = r F D,’ F D,” 
384 = 122 

F= 
122M I.22 X 22.060 

D13 = (KS)* - 710 lbs. per sq. in. 

The allowable fiber stress for western red cedar poles to pro- 
vide a factor of safety of 4 is 1400 pounds per sq. in., hence the 
crossing poles are not required to be side guyed since they have 
a factor of safety of 7.9 for transverse load. 

12. Side Guying 

If side guying were required for the crossing poles C and D 
the method of computing the same would be as follows: 

Side guys are designed to take the entire transverse load of 
the pole, the pole acting merely as a strut. 

The transverse force acting on the poles will be due to wind 
pressure on poles C and D and the transverse wind pressure on 
the conductors supported. The length of conductor used in 
computing this transverse force will be equal to one-half the 
distance between the guyed poles C and D, plus one-half the 
length of the span adjacent to these poles. 
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The total wind pressure is computed as follows: 

On Conductors 

3 x 2 x 0.276 X 150 + 200 
2 = 289.8 pounds 

On 

- 200 
2 x 0.108 xT = 21.6 pounds 

2 x 0.085 XT 150 = 12.8 pounds 

Pole 
(D,+W HP 

(15.?+ 8.91) . 48 x 8 
24 = 392.2 pounds 

Total Wind Pressure = 716.4 pounds 

The total moment on the poles is the same as developed for- 
“ Transverse load on poles ” which was 22,060 pound-feet. 

Therefore, the center of load would be:, 
22 060 )- = 30.8 feet above ground 
716.4 

A side guy could not be attached at this center of load and 
provide the required clearances from the communication line ; 
therefore, for construction purposes the guy is assumed attached 
just below the lowest supply crossarm at a distance of 36 feet 
above ground. 
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Let M ( = Total moment on pole = 22,060 pound-feet 
C = Height of guy attachment above ground = 36 

feet (assumed) 
B = Distance of guy anchor from base of pole = 20 

feet (assumed) 
T = Tension in guy wire in pounds 
A = Length of guy = v202 + 36’ = 41.2 feet 

T= Mt 
C Sin CE 

Sin. a.=.; where 

A=vB’+C’ 

Sin a = 
20 = .485 

v/O’ + 36’ 

T= 
22,060 

36-X.485 
= 1260 pounds 

The speci6ed safety factor for guys (Table 4) is 2 and, 
therefore, a guy having an ultimate strength of not less than 
2520 pounds is required. One t-inch Siemens-afartin or a 
&-inch common galvanized-steel strand would meet the require- 
ments for transverse load. . 

13. Longitudinal Load on Crossing Poles C and D . 

Rule 47.5 provides that crossing structures’shall withstand 
at all times with a safety factor of unity the unbalanced stress 
due to the combined pull toward the crossing of one-third of the 
total number of conductors supported, the pull in each such 
conductor being taken as the tension due to the specified loading. 

8 
Number of conductors involved = s = 2# ; use 3 

Location of conductors resulting in maximum load-two 
on top arm and one on next arm below 

Bending moment : 
2 X 2605 x 48.75 = 254,000 pound-feet 
1 X 2605 X 43.25 = 112,600 pound-feet 

Total moment = 366,600 . 
122 M 

Fiber stress = r = 122 X 
366,600 = 11,780 pounds 

1 15.6’ . 
per sq. in. 
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The allowable value of modulus of .rupture under this load 
is 5600 Ibs. per square inch, hence poles C and D must be head. 
guyed for the longitudinal load. 

The head guy should be attached approximately at the 
normal center of load, therefore: 

The bending moment under fu.ll’longitudirial.load would be: 
48.75 x 2 x 2605 = 254,000 pound-feet 
43.25 x 2 x 2605 = 225,300 pound-feet 
37.75 X 2 X 2605 = 196,700 pound-feet 
28.33 x 2 X 570 = 32,300 pound-feet 

Total moment = 708,300 pound-feet 

The total longitudinal lcjad would be: 
; $;ko2,605) = 15,630 pounds 

= 1,140 pounds 

Total wire tensions = 16,770 pounds 

Therefore t.he center of longitudinal load is: 

D= 
Longitudinal Bending Moment 

Longitudinal Load 
708,300 

= 16,770 
= 42.2 ft. (load center above ground) 

use 43 feet (to avoid.contact with arm) 

B- 150 ft. 

c--43-a = 35ft: 

A = J/B= + C”- v/(43)’ + (150)1 = 156.0 * 

B Sin a =A- 150 - - = 0.962 
156.0 

l Lower end of guy assumed 8 feet above ground on Poles A and E. 
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A guy attached at a point 43 feet above ground on pole C 
or D and at a point 8 feet above ground on pole B or E, respec- 
tively, would be required to withstand a load of: 

366,600 
43 X 0.962 

= 8,860 pounds 

In this case, a &-inch common, &-inch Siemens-Martin, or 
j-inch high-strength guy strand would meet the requirementi 
of Rule 47.5. 

The horizontal load transmitted to pole B or E by such a head 
guy would be: 

8,860 X sin a = 8,860 x .962 = 8,520 pounds 

The longitudinal moment. on- pole-B or E would: be : 
8,520 x 8 = 68,160 pound-feet 

and the fiber stress developed in pole B or E by the tension of 
9,070 pounds in the head guy would be : 

F = 
122M 

DS = 122 x 68’160= 2,460 pounds per square inch 
t (15.0)8 

Poles B and E would, therefore, bc adequate to hold the con- 
templated guy tension with a safety factor of unity as required 
by Rule 47.5. 
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APP. F 
PART 2 

DEAD-END PROBLEM 

It is, the object of this problem to indicate the construction 
requirements for a t.ypical dead-end structure, since the longi- 
tudinal stresses imposed upon such a structure dialer substan- 
tially from those on a pole on which the conductors supported 
are normally balanced. The dead-end structure considered 
herein is assumed to support a 11,000-volt circuit, a 4,000-volt 
circuit and two secondary circuits. It is also assumed that the 
dead-end pole takes Grade “A” construction by virtue of its 
I ocation. 

The deadiend- structure diagram- and.-dimensions are shown 
on page 333. The primary data chosen for this structure me 
as follows: 

DATA OF DEAD-END STRUCTURE 

Supply Conductors. 
11 kv circuit ------,-3 No. 0 AWG Stranded, hard-drawn copper 
4 kr circuit --______ 4 No. 2 AWG Stranded, hard-drawn coppe! 

120/240 yolt circuit,, 3 No. 4 AWG Solid, hard-drawn copper 
120/240 volt circuit -,3 No. 2 AWG Stranded, hard-drawn copper 
Tnsulato&St.rain Type (To conform to Rule 49.5). 
Conductor fastenings (To meet the safety factor of Table 4). 
Crossarms. 

I1 kv circuit 
4 kv circuit 

_________ Douglas fir 42” x 5ii-” x 8’ 0” 
_________ Douglas fir 43” x 4$” x 7’ 8” 

Secondary circuits ,-,-Douglas fir 43” x 4v x 7’ 0” 

Crossarm braces (To conform to Rule 48.2 and 49.8). 
Pole-western red cedar. 
Pole Dimensions. 

55’ in length ; 25” top circumference ; 50” ground 1 ine eircum- 
ference. (G round line diameter 15.9”.) 

CONSTRUCTION REQUIREMENTS 

1. Conductor Tensions 
It is assum,ed that the conductors are strung with the mini- 

mum sags specified in sag curves of Appendix C, hence the 
tension values at 60° F. and no wind (normal tensions) are 35 
per cent of the ultimate tensions shown in Table 18. These 
tensions for each of the conductor sizes and corresponding ten- 
sions at maximum loading (25O F. and wind of 8 pounds) are 
as follows, where span length is 250 feet: 

Ten&n-pounda 
35% of At mazimum 

uliimate loading 
No. 0 AWG stranded, hard-drawn copper-,,1664 2125 
No. 2 AWG stranded, hard-drawn copper,,,1065 1360 
No. 4 AWG solid, hard-drawn copper ; _____ 690 890 
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2. Crossarms 
Spacings assumed are shown on the pole framing diagram 

on page 333. Double crossarms of Douglas fir, dense, are 
employed for each of the four different circuits. 

Computations of the fiber stresses imposed upon the various 
crossarms by the unbalanced wit-c loads of conductors in the 
physical configuration shown on the diagram are made in accord- 
auce with the method outlined in Part I to show thcsc stresses 
under the conditions of long-time loading and maximum loading. 
Furthermore, double crossarm construction of this type with 
separation maintained by space bolts is assumed to have a hori- 
zontal strength equivalent to 130% of the sum of the strengths 
of two single crossarms acting-independently The. stresses corn-. 
puted in this manner are: 

FsXer riress-lb. per sq. in. 
Long-time loading 3larinrurn loodirag 

Top crossarms ____ _--- ---- - 1412 1804 
Second crossarms _______--- 1598 2040 
Third crossarms ___________ 932 1202 
Fourth crossarms __________ 1438 1811 

Since a factor of safety of’ 2 permits a maximum stress 
of modulus of rupture in bending of 1732 lbs. per sq. in. 

(60° F. and no wind) and 3150 Ibs. per sq. in. ( YF > 
at maximum loading (see Table 5)) the crossarms chosen are 
satisfactory. 

3. Pole (See page 333) 
Rule 44 provides that poles supporting unbalanced longi- 

tudinal loads in Grade “A” construction shall have a safety 
factor of 4 against such loads. R.ule 47.3 specifies that guys 
used to support unbalanced longit.ndinal loads shall have a safety 
factor of 2 for all grades of construction. (Where guys are 
used they must take the entire load with the designated safety 
factor, the pole being considered merely as a strut.) 

Using the values given above for tensions at masimum load- 
ing, the following moments due to dead ending the conductors 
are obtained : 

3 x 2125 x 47.3 = 301,500 pound-feet 
4 x 1360 X 38.3 = 208,400 pound-feet 
3 X 890 X 30.3 = 80,900 pound feet 
3 X 1360 X 25.3 = 103,200 pound feet 

Total moments = 694,000 pound-feet 
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APP. F Typical Problems 

The total dead-end stress, using the tension values for maxi- 
mum loading given above, will be: 

3x2125= 6,380 pounds 
4 x 1360 = 5,440 pounds 
3 x 890 = 2,670 pounds 
3 x 1360 = 4,080 pounds 

-. 
Total = 18,570 pounds 

Center of load = 
694,000 
18 570 = 37.4 feet above ground 

.’ 

The tension in a single guy with a lead to height ratio of 1 to 1 
(assumed) and a safety-factor of 2 would be : 

T= 
safety factor X total load 2 x 18,570 

cos 9 
= 

cos 8 
= 52,500 pounds 

A stranded guy attached at the center of load could be used 
provided the allowable fiber stress of the pole is not exceeded. 
The stress due to guyiug at this point would be as follows: 

The center of load (37.4’ above ground) would be 
9.9 ft. (118.8 inches) below the top conductors 

(llkv) and 
0.9 ft. (10.8 inches) below the second crossarm (4 kv) 

The fiber stress in the pole at the center of load due to the 
tension in the conductors above the center of. load is computed 
as follows: 

Bending moment 3 X 2125 X 118.8 = 757,-100 pound-inches 
4 X 1360 X 10.8 = 58,800 pound-inches 

Total moment = 816,200 pound-iuches 

The section modulus of a solid circular section is _ 

E 
x (1” 

- -- -ill 0.0982 (1 zz 
32 

The diameter of the pole at the center of load is 
d = 9.7 ‘, inch,es 

Then 
E = 0.0982 X (9.7) s = 89.6 in.s 

Fiber stress 
Bending moment 816,200 

= Section modulus = 89.6 
= 9110 lbs. per sq. in. 

Since a pole in Grade “A” construction must have a 
safety factor of 4, the allowable value of fiber stress would be 
5600 - = 1400 pounds per sq. in. ; 4 

therefore the pole can not be 

guyed by a single guy but can be guyed as illustrated on page 333 . 
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APP. F Tyyicnl Problcnrs 

PART 3 

METRODS OF PROVIDING PROPER STRENGTH FOR 
UNBALANCED .CONDUCTOR LOADS AT 

ANGLE -POLES 

, 

To maintain poles in proper position at angles and corners, 
it is generally necessary to use guys or some other form of pole 
bracing. Unless the line is dead-ended, the pull of the conduc- 
tors is taken as being the same throughout the line. 

The degree of unbalanced pull at an angle or corner pole is 
dependent upon the angle in the line at that point; that is, the 
greater the angle in the line, the’ greater is- the -magnitude of 
unbalance. Rule 47.3 specifies that when the longitudinal loads 
in a structure are not normally balanced, the members stressed 
shall be of such strength as to withstand the total unbalanced 
load with factors of safety equal to those of Table 4. As it is 
assumed that the line congidered in this problem is Grade “A” 
construction, the pole would bc required to provide a safety 
factor of 4 against unbalanced loads; where guys are used to 
take the unbalanced loads they must provide a safety factor of 2. 

It is assumed that the line discussed in the foregoing dead- 
end problem crosses from one side of a street to the opposite side, 
that the longitudinal distance along the street between the two 
poles concerned is ‘77 feet, and that the angle of deviation (8) is 
33 degrees. (See sketch.) This would result in an unbalanced 
force being eserted in the direction of A of 

Is 18,570 X 2 Sin-, = 18,570 X 2 X. .2840 = 10,550 pounds 

. . 

Assuming the pole height and framing as shown in. Part 2, 
the t.op circumference of pole to be 23 inches, the ground circum- 
ference to be ‘50 inches and the center of load to be 87.4 feet 

20 
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, Ti&al Problems App. F - 

above ground lint (as determined in Part 2). the fiber stress 
on the pole at the ground line is as follows: 

Bending moment, M = 37.4 X 10,550 = 394,400 pound-feet 
122M Fiber stress =L 7 

where circumference = 50 inches 
andd= 15.9 inches 

Fiber stress = 122 x 394,400 
(15.9)’ 

= 11,970 lbs. per sq. in. 

As a safety factor of 4 is required, the allowable working. 

StXeSSiS~ or 14OO.lbs. per sq. in., and’ therefore the use .oE’ 

guys is necessary. 
A single guy attached at the center of. load could be used 

provide@ the modulus of rupture with a safety factor of 4 is 
not exceeded. The stress due to guying at this point is as 
follows : 

-- Bending momenta 

Top arm: 3 X 2125 >! 11.8.8 i< 2 Sin B - = 430,200 pound-inches 2 

B Second arm: 4 X X370 ,Y 10.8 X 2 Sinl= 33,400 pound-inches 

Section modulus, E 
Total moment = 463,600 pound-inches 

The section modulus (E) at 37.4 ft. above ground is 89.6 
inches cubed, which is the value computed in Problem 2 

Fiber stress 
The fiber stress is 

F+z 463,600 = 5,170 pounds per sq. in. 
a 89.6 

Since this stress exceeds the &lowable stress of 1400 lbs. per 
sq. in. for the pole, it is necessary to place guys at more than: 
one point on the pole, and therefore, they are attached at poai- 
tions similar to the guys shown in the diagram on page 333. 

- 335 - 


